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Experimental 

Crystal data 

C 15 H 12 FN 3 S 
M, = 285.34 
Monoclinic, Pl/c 
a = 28.312 (3) A 
b = 7.2952 (7) A 
c = 13.0626 (13) A 
j3 = 103.151 (2)° 

Data collection 

Bruker SMART APEXII DUO 

CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 

r mi „ = 0.894, r maI = 0.965 

Refinement 

R[F 2 > 2a(F 2 )] = 0.033 

wR(F 2 ) = 0.080 

S = 1.06 

7411 reflections 



V = 2627.2 (5) A 3 
Z = 8 

Mo Ka radiation 
IX = 0.25 mm~' 
T = 100 K 

0.46 x 0.21 x 0.14 mm 



52781 measured reflections 
7411 independent reflections 
7049 reflections with / > 2a(I) 
R iM = 0.036 



364 parameters 

H-atom parameters constrained 
A/w = 0.46 e A~ 3 
Ap mi „ = -0.43 e A~ 3 



The asymmetric unit of the title compound, Ci 5 H 12 FN 3 S, 
consists of two independent molecules with comparable 
geometries. In one molecule, the 1,3-benzothiazole ring system 
(r.m.s. deviation = 0.011 A) forms a dihedral angle of 
19.86 (6)° with the phenyl ring. The corresponding r.m.s. 
deviation and dihedral angle for the other molecule are 
0.014 A and 22.32 (6)°, respectively. In the crystal, molecules 
are linked via N— H- ■ N, C— H- ■ F and C— H- ■ N hydrogen 
bonds into a three-dimensional network. The crystal studied 
was a non-merohedral twin with a refined BASF value of 
0.301 (2). 

Related literature 

For general background to and the biological activities of 
benzothiazoles derivatives, see: Al-Soud et al. (2006); Kini et 
al. (2007); Munirajasekhar et al. (2011); Gurupadayya et al. 
(2008); Bowyer et al. (2007); Mittal et al. (2007); Pozas et al. 
(2005); Rana et al. (2008). For standard bond-length data, see: 
Allen et al. (1987). For the stability of the temperature 
controller used for the data collection, see: Cosier & Glazer 
(1986). 




t Thomson Reuters ResearcherlD: A-3561-2009. 
§ Thomson Reuters ResearcherlD: A-5525-2009. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


N2^-HlN^---NlA i 


0.93 


1.99 


2.902 (2) 


165 


N2B-H1NB- ■ NIB" 


0.79 


2.14 


2.9184 (18) 


168 


C5B-H5A4- ■ -FIB™ 


0.95 


2.51 


3.310 (2) 


142 


C12B-H12/1- ■ -VIA" 


0.95 


2.52 


3.289 (2) 


138 


C12/1-H12B-F1B V 


0.95 


2.43 


3.200 (2) 


138 


C15B-H15A- ■ NIB" 


0.98 


2.57 


3.503 (2) 


160 


Symmetry codes: (1) — x H 
-x + 2,y, -z+% (v) -x 


2,y,-z+f, 
+ 1.-V + 2, - 


(ii) -x+l,y, 
-z + 2. 


-z + |; (iii) x, -y - 


h2,Z-% (iv) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

The authors would like to thank Universiti Sains Malaysia 
(USM) for the Research University Grant No. 1001/PFIZIK/ 
811160. MH and DM gratefully acknowledge the School of 
Advanced Sciences, VIT, Vellore, for providing research 
facilities. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2786). 
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1 -(6-Fluoro-1 ,3-benzothiazol-2-yl)-2-(1 -phenylethylidene)hydrazine 
Hoong-Kun Fun, Ching Kheng Quah, D. Munirajasekhar, M. Himaja and B. K. Sarojini 
Comment 

Benzothiazoles are very important bicyclic compounds which are of great interest because of their biological activities. 
The substituted benzothiazole derivatives have emerged as significant components in various diversified therapeutic 
applications. The literature review reveals that benzothiazoles and their derivatives show considerable activity including 
potent inhibition of human immunodeficiency virus type 1 (HIV-1) replication by HIV-1 protease inhibition (Al-Soud et 
ah, 2006), antitumor (Kini et al, 2007), anthelmintic (Munirajasekhar et ah, 2011) analgesic and anti-inflammatory 
(Gurupadayya et ah, 2008), antimalarial (Bowyer et ah, 2007), antifungal (Mittal et ah, 2007), anticandidous activities 
(Pozas et ah, 2005) and various CNS activities (Rana et ah, 2008). The present work describes the synthesis and crystal 
structure of the title compound, l-(6-fluorol,3-benzothiazol-2-yl)-2-(l-phenylethylidene)hydrazine, which was prepared 
from the condensation reaction of l-(6-fluorol,3-benzothiazol-2-yl)hydrazine by refluxing for 2 h with acetophenone in 
presence of methanol. 

The asymmetric unit (Fig. 1) of the title compound consists of two independent molecules (A and B), with comparable 
geometries. In molecule^, the l,3-benzothiazol-2-yl ring system (S1A/N1A/C1A-C7A, r.m.s. deviation = 0.011 A) forms 
a dihedral angle of 19.86 (6)° with the phenyl ring (C9A-C14A). The corresponding r.m.s. deviation and dihedral angle 
for molecule B are 0.014 A and 22.32 (6)°, respectively. Bond lengths (Allen et ah, 1987) and angles are within normal 
ranges. 

In the crystal structure, Fig. 2, molecules are linked via intermolecular N2A-H1NA- -N1 A, N2B-H1NB -N1B, C5B- 
H5BA-F1B, C12B-H12A— F1A, C12A-H12B— FIB and C15B-H15A-N1B hydrogen bonds (Table 1) into a three- 
dimensional network. 

Experimental 

Amixture of l-(6-fluorol,3-benzothiazol-2-yl)hydrazine (1.83 g, 10 mmol) and acetophenone (1.2 g, 10 mmol) in 
methanol (50 mL) was refluxed at 2 h. After completion of the reaction, as monitored by TLC, the reaction mixture was 
poured into ice water (100 mL) whereby the crude product was precipitated as a yellow solid. The product obtained was 
washed with water and dried. The crude product was recrystalized from an ethylacetate/ethanol mixture (1 : 1 v/v). M.p.: 
455-457 K. 

Refinement 

The N-bound hydrogen atoms were located in a difference Fourier map and refined using a riding model with £/ iso (H) = 
1.2 £/eq(N) [N-H = 0.789 or 0.93 A]. The remaining H atoms were positioned geometrically and refined using a riding 
model with C-H = 0.95 or 0.98 A and t/ lso (H) = 1.2 or 1.5 U n (C). A rotatin g-group model was applied for the methyl 
group. The crystal studied was a twin with twin law, 101 0-10 00-1 and BASF = 0.301 (2). Three outliers (-3 1 7; 2 1 0; 5 
0 4) were omitted in the final refinement cycles. 



Acta Cryst. (2012). E68, o2438-o2439 



sup-1 



supplementary materials 



Computing details 

Data collection: APEX2 (Broker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 




F1A 



Figure 1 

The molecular structure of the title compound showing 50% probability displacement ellipsoids for non-H atoms. 
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Figure 2 

The crystal structure of the title compound, viewed along the b axis. H atoms not involved in hydrogen bonds (dashed 
lines) have been omitted for clarity. 

1 -(6-Fluoro-1 ,3-benzothiazol-2-yl)-2-(1 -phenylethylidene)hydrazine 



Crystal data 

C 15 H 12 FN 3 S 
M r = 285.34 
Monoclinic, Pile 
Hall symbol: -P 2yc 
a = 28.312 (3) A 
b = 7.2952 (7) A 
c= 13.0626 (13) A 
P= 103.151 (2)° 
F= 2627.2 (5) A 3 
Z=8 



F(000) = 1184 

D* = 1.443 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9959 reflections 

(9 = 2.9-29.6° 

ft = 0.25 mnT 1 

T= 100 K 

Block, yellow 

0.46 x 0.21 x 0.14 mm 



Acta Cryst. (2012). E68, o2438-o2439 



sup-3 



supplementary materials 



Data collection 

Bruker SMART APEXII DUO CCD area- 
detector 
diffractometer 

Radiation source: fine-focus sealed tube 

Graphite monochromator 

<p and a> scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 
T mm = 0.894, T m = 0.965 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2a(F 2 )] = 0.033 

wRiF 1 ) = 0.080 

S = 1.06 

7411 reflections 

364 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



5278 1 measured reflections 
7411 independent reflections 
7049 reflections with/> 2a(T) 
R mt = 0.036 

#max = 29.7°, 8 m i n = 0.7° 

h = -39^39 
/fc = -10->10 
/ = -18— 18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0333P) 2 + 1.4375P] 

where P = (F 2 + 2F 2 )I?> 
(A/(7) max = 0.002 
A/w = 0.46 e A" 3 
A/w = -0.43 e A" 3 



Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat 
(Cosier & Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


U- *ITJ 


S1A 


0.972160 (13) 


0.76932 (5) 


1.01810(3) 


0.01518(8) 


F1A 


1.12593 (4) 


0.52213 (16) 


1.27187 (9) 


0.0279 (2) 


N1A 


1.02856(5) 


0.76694 (18) 


0.88368 (11) 


0.0153 (2) 


N2A 


0.94918(4) 


0.86931 (19) 


0.81485 (11) 


0.0164 (3) 


H1NA 


0.9510 


0.8461 


0.7457 


0.020* 


N3A 


0.90434 (4) 


0.88095 (18) 


0.83979 (11) 


0.0156 (2) 


CIA 


1.03203 (5) 


0.6981 (2) 


1.06242(13) 


0.0157(3) 


C2A 


1.05463 (6) 


0.6359 (2) 


1.16183 (13) 


0.0185 (3) 


H2AA 


1.0381 


0.6291 


1.2174 


0.022* 


C3A 


1.10265 (6) 


0.5845 (2) 


1.17516(13) 


0.0197 (3) 


C4A 


1.12836 (6) 


0.5918(2) 


1.09697(14) 


0.0197 (3) 


H4AA 


1.1615 


0.5562 


1.1112 


0.024* 


C5A 


1.10515(5) 


0.6519(2) 


0.99766(13) 


0.0176 (3) 


H5AA 


1.1220 


0.6561 


0.9425 


0.021* 
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Co A 


1.05651 (5) 


A T A/T /I ZO\ 

0.7064 (2) 


0.97977 (13) 


A A 1 yl O /"} \ 

0.0142 (3) 


C/A 


A no A TA /c\ 

0.984/9 (5) 


A OA11 ZO\ 

0.5033 (2) 


U.894Z5 (Iz) 


A A 1 /I 1 /I A 

0.0141 (3) 


C8A 


0.86838 (5) 


A A A O 1 ZO\ 

0.9481 (2) 


0.77176 (12) 


A A 1 C 1 /0\ 

0.0151 (3) 


C9A 


U.5Z(J91 (5) 


a moo /OS 
0.9398 (Z) 


U.BUZ92 (13) 


A A 1 C /I /""3S 

U.U154 (3) 


C10A 


0.77909 (5) 


1 A 1 C A 

1.0154 (2) 


0.73955 (13) 


A A1AA ZO\ 

0.0190 (3) 


T r 1 AT) 

H1UB 


A lO 1 1 

0. /oil 


1 AO 1 /I 

1 .0814 


A /C*70A 

0.6 /80 


A AO 1 * 

0.023 * 


nil A 

C11A 
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0.73430 (5) 


A AACA ZO\ 
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0.76586 (14) 
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HI IB 
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/"< 1 O A 

L12A 


A /ZT\ 
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0.7323 


0.029* 


H15B 


0.6276 


0.3563 


0.7655 


0.029* 
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H15C 


0.6511 




0.5496 




0.7472 


0.029* 




Atomic displacement parameters (A 2 ) 








JJ12 




LP 3 






U 13 


U 23 


S1A 


0.01302(1 


5) 


0.01712(1 


8) 


0.01631 (1 


9) 


0.00009 (13) 


0.00523 (13) 


-0.00027 (13) 


F1A 


0.0272 (5) 




0.0317(6) 




0.0211 (5) 




0.0061 (4) 


-0.0024 (4) 


0.0071 (5) 


N1A 


0.0138 (5) 




0.0159(6) 




0.0158 (6) 




0.0004 (5) 


0.0027 (5) 


0.0006 (5) 


N2A 


0.0130(5) 




0.0205 (6) 




0.0160 (6) 




0.0019 (5) 


0.0040 (5) 


0.0003 (5) 


N3A 


0.0135 (5) 




0.0169 (6) 




0.0166 (6) 




0.0009 (4) 


0.0039 (5) 


-0.0002 (5) 


CIA 


0.0142 (6) 




0.0144 (7) 




0.0184 (7) 




-0.0004 (5) 


0.0038 (5) 


0.0001 (6) 


C2A 


0.0204 (7) 




0.0180 (7) 




0.0173 (7) 




-0.0005 (6) 


0.0050 (6) 


0.0018 (6) 


C3A 


0.0204 (7) 




0.0177 (7) 




0.0183 (8) 




0.0017 (6) 


-0.0012 (6) 


0.0020 (6) 


C4A 


0.0156 (6) 




0.0172 (7) 




0.0248 (8) 




0.0021 (5) 


0.0020 (6) 


-0.0002 (6) 


C5A 


0.0143 (6) 




0.0160 (7) 




0.0228 (8) 




0.0007 (5) 


0.0051 (6) 


0.0003 (6) 


C6A 


0.0138 (6) 




0.0122 (6) 




0.0168 (7) 




0.0000 (5) 


0.0041 (5) 


-0.0005 (5) 


C7A 


0.0148 (6) 




0.0131 (6) 




0.0148 (7) 




-0.0014 (5) 


0.0045 (5) 


-0.0008 (5) 


C8A 


0.0150 (6) 




0.0136 (7) 




0.0167 (7) 




0.0010 (5) 


0.0033 (5) 


-0.0021 (6) 


C9A 


0.0134 (6) 




0.0130(6) 




0.0192 (7) 




0.0010 (5) 


0.0025 (5) 


-0.0023 (6) 


C10A 


0.0177 (6) 




0.0190 (7) 




0.0192 (7) 




0.0031 (6) 


0.0017 (6) 


-0.0005 (6) 


C11A 


0.0137(6) 




0.0231 (8) 




0.0284 (9) 




0.0046 (6) 


0.0008 (6) 


-0.0029 (7) 


C12A 


0.0151 (6) 




0.0216(8) 




0.0310(9) 




0.0010 (6) 


0.0073 (6) 


-0.0037 (7) 


C13A 


0.0191 (7) 




0.0200 (7) 




0.0282 (9) 




0.0011 (6) 


0.0085 (6) 


0.0008 (7) 


C14A 


0.0145 (6) 




0.0176 (7) 




0.0217(8) 




0.0022 (5) 


0.0035 (6) 


-0.0001 (6) 


C15A 


0.0192 (7) 




0.0245 (8) 




0.0204 (8) 




0.0045 (6) 


0.0056 (6) 


0.0025 (6) 


SIB 


0.01062(1 


5) 


0.01609(1 


7) 


0.01314(1 


7) 


0.00098 (12) 


0.00124(13) 


0.00005 (13) 


FIB 


0.0191 (4) 




0.0361 (6) 




0.0192 (5) 




0.0064 (4) 


0.0078 (4) 


-0.0052 (4) 


NIB 


0.0113(5) 




0.0168 (6) 




0.0123 (6) 




0.0002 (4) 


0.0025 (4) 


0.0001 (5) 


N2B 


0.0122 (5) 




0.0198 (6) 




0.0143 (6) 




0.0038 (5) 


0.0034 (5) 


0.0009 (5) 


N3B 


0.0119(5) 




0.0146 (6) 




0.0146 (6) 




0.0007 (4) 


0.0018(4) 


0.0011 (5) 


CIB 


0.0108 (5) 




0.0133 (6) 




0.0129 (6) 




-0.0003 (5) 


0.0016(5) 


-0.0014 (5) 


C2B 


0.0156 (6) 




0.0201 (7) 




0.0131 (7) 




0.0000 (5) 


0.0026 (5) 


-0.0015 (6) 


C3B 


0.0158(6) 




0.0181 (7) 




0.0161 (7) 




0.0009 (5) 


0.0069 (5) 


-0.0027 (6) 


C4B 


0.0115 (6) 




0.0163 (7) 




0.0206 (7) 




0.0016 (5) 


0.0043 (5) 


0.0008 (6) 


C5B 


0.0129 (6) 




0.0165 (7) 




0.0164 (7) 




0.0008 (5) 


0.0024 (5) 


0.0012 (6) 


C6B 


0.0126 (6) 




0.0125 (6) 




0.0127 (6) 




-0.0007 (5) 


0.0036 (5) 


0.0011 (5) 


C7B 


0.0130(6) 




0.0130(6) 




0.0127 (7) 




-0.0006 (5) 


0.0016 (5) 


0.0000 (5) 


C8B 


0.0128 (6) 




0.0146 (7) 




0.0157 (7) 




0.0005 (5) 


0.0036 (5) 


0.0016 (6) 


C9B 


0.0120 (6) 




0.0139(6) 




0.0139(7) 




0.0003 (5) 


0.0030 (5) 


0.0028 (5) 


ClOB 


0.0154 (6) 




0.0175 (7) 




0.0211 (8) 




0.0019 (5) 


0.0036 (6) 


-0.0006 (6) 


CUB 


0.0153 (6) 




0.0191 (7) 




0.0313 (9) 




0.0035 (5) 


0.0032 (6) 


0.0025 (7) 


C12B 


0.0154 (6) 




0.0212(8) 




0.0275 (9) 




-0.0008 (6) 


-0.0009 (6) 


0.0056 (7) 


C13B 


0.0189 (7) 




0.0252 (8) 




0.0167 (7) 




-0.0023 (6) 


0.0004 (6) 


0.0021 (6) 


C14B 


0.0159(6) 




0.0200 (7) 




0.0166 (7) 




-0.0002 (5) 


0.0047 (5) 


0.0011 (6) 


C15B 


0.0190 (6) 




0.0244 (8) 




0.0140 (7) 




0.0069 (6) 


0.0032 (6) 


-0.0016 (6) 


Geometric parameters (A, °) 


S1A— 


-CIA 




1.7414(15) 




SIB— CIB 




1.7451 (15) 


S1A— 


-C7A 




1.7521 (16) 




SIB— C7B 




1.7518(16) 
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T7 1 A P 1 A 

r 1 A — C3A 


1 1 CI 1 / 1 A\ 

1.363Z (19) 


XT 1 A r 1 ^ A 

JN1A — C7A 


1 i ac 1 / 1 n\ 

1.3051 (19) 


N1A — Co A 


1.395 (2) 


NzA — C7A 


1 / 1 a\ 

1.3594 (19) 


"VT^ A XT') A 

NzA — N3A 


1.3831 (17) 


\Ti a T T 1 XT A 

N2A — H1NA 


0.9319 


XT'? A /""O A 

N3A — C8A 


1 i opi / 1 a\ 
1.2862 (19) 


p i a p -> a 

CIA — CzA 


1.387 (2) 


pi A P /_ A 

CIA — Co A 


1 A 1 1 /1\ 

1.411 (2) 


/n^ A PI A 

CzA — C3A 


1.383 (2) 


PI A TTO A A 

C2A — H2AA 


A AC AA 

0.9500 


C3A — C4A 


1 TO/1 /1\ 

1.384 (2) 


C4A — C5A 


1 'IOC /"1\ 

1.385 (2) 


P /I A TT/IAA 

C4A — H4AA 


A A C A A 

0.9500 


C5A — C6A 


1 A A 1 /I \ 

1.401 (2) 


PC A TTC A A 

C5A — H5AA 


A ACAA 

0.9500 


/-in A <"\ a 

C8A — C9A 


1.492 (2) 


C8A — C15A 


1 f A1 /1\ 

1.502 (2) 


C9A — CI OA 


1.395 (2) 


C9A — C14A 


1 -1AA 

1.400 (2) 


p i a a riii a 

C10A — C11A 


1.395 (2) 


f~i 1 A A T T 1 AF5 

C10A — H10B 


A ACAA 

0.9500 


p 1 1 A f 1 1 i* 1 ! A 

C11A — C12A 


1 1 O /" /") \ 

1.386 (3) 


pi 1 1 A T T 1 1 T~"> 

C11A — HUB 


0.9500 


p 1 o a /~< 1 "> a 

C12A — C13A 


1.390 (2) 


f • 1 A Til 1 Tl 

C12A — H12B 


0.9500 


C13A— C14A 


1.389 (2) 


C13A— H13B 


0.9500 


C14A — H14B 


A ACAA 

0.9500 


f • 1 C A T T 1 flA 

C15A — H15D 


A A O AA 

0.9800 


PICA TT 1 C T - 

C15A — H15b 


A A OA A 

0.9800 


pica t t 1 rr 

C15A — H15F 


A A O AA 

0.9800 


P 1 A O 1 A P "7 A 

CIA — SIA — C7A 


OH OA /T\ 

87.80 (7) 


P*7 A XT1 A p A 

C7A — N 1A — C6A 


1 AA 1 A / 1 1 \ 

109.10 (13) 


p -7 a "\T1 A XT') A 

C7A — NzA — N3A 


111 *7 O /I 1\ 

113.78 (13) 


p -7 a XT1 A T T 1 XT A 

C /A — NzA — H1NA 


1 1 O / 

1 18.6 


XT') A \T1 A TT1XTA 

N3A — NzA — H1NA 


1 1 A O 

119.8 


po A XT') A A 

C8A — N3A — N2A 


1 1 A A1 /1 1\ 

119.03 (13) 


PI A P1A P / A 

C2A — CIA — C6A 


ni r\A / 1 a \ 

121.90 (14) 


PI A f~* 1 A C1A 

C2A — CIA — SIA 


1 1 o a 1 

128.01 (12) 


£ A f~* 1 A C1A 

C6A — CIA — SIA 


1 1 A AO /W 1"\ 

110.08 (12) 


A PO A P 1 A 

C3 A — C2A — C 1 A 


1 1 C AC { 1 C\ 

115.95 (15) 


t~"i A A 1 1 "1 A A 

C3A — C2A — H2AA 


122. (J 


CIA— C2A— H2AA 


122.0 


FIA— C3A— C2A 


117.48 (15) 


FIA— C3A— C4A 


118.20(14) 


C2A— C3A— C4A 


124.32 (15) 


C3A— C4A— C5A 


119.11 (14) 



T71 n Pin 

b lb — C3B 


1 1 p~7 /I / 1 "T\ 

1.3674 (17) 


XT 1 D P*7T> 

NIB — C7B 


1 1 A1 A / 1 0\ 

1.3029 (18) 


xt 1 r> p pn 

NIB — C6B 


1.3976 (19) 


XTin P*7n 

NzB — C7B 


1.3608 (18) 


XTin XTin 

NzB — N3B 


1 IT) C / 1 1\ 

1.3735 (17) 


XTin TT1 \TT) 

N2B — H1NB 


A TO 0 1 

0.7882 


XTin POT5 

N3B — C8B 


1 IAAjC /1 a\ 

1.2906 (19) 


p 1 n poti 

CIB — CzB 


1 1 A A /1\ 

1.394 (2) 


P 1 n P/^T5 

CIB — CoB 


1 A A1 /1\ 

1.403 (z) 


pin pt T) 

CzB — C3B 


1 1 *7 A /1\ 

1.379 (2) 


pin TTin a 

C2B — H2BA 


A ACAA 

0.9500 


p') n p a n 

C3B — C4B 


1 10 1 /"1\ 

1.3 ol (z) 


p /i o pen 
C4B — C5B 


1 'I OA /I \ 

1.3o9 (z) 


Pyin TT/inA 

C4B — H4BA 


A ACAA 

0.9500 


pen Pz^n 

C5B — C6B 


1 1 AO A / 1 A\ 

1.3989 (19) 


pen TTcn a 

C5B — H5BA 


A ACAA 

0.9500 


pon PAn 

C8B — C9B 


1 A Ol 1 / 1 A\ 

1.4831 (19) 


C8B — C15B 


1.507 (2) 


C9B — C14B 


1.396 (2) 


PAn p 1 An 

C9B — CI 0B 


1 1AA /1\ 

1.399 (2) 


r • i An pi in 

C10B — CUB 


1 1 A 1 /1\ 

1.391 (2) 


s ' i AT) TT 1 A A 

C10B — H10A 


A ACAA 

0.9500 


p 1 1 n p 1 i n 

CUB — C12B 


1 10 1 /I \ 

1.381 (3) 


P 1 1 n T T 1 1 A 

CUB — H11A 


0.9500 


C12B — C13B 


1 TAT /T\ 

1.397 (2) 


P 1 in T T 1 1 A 

C12B — H12A 


0.9500 


C13B— C14B 


1.391 (2) 


C13B— HI 3 A 


0.9500 


P 1 1 o TT 1 /I A 

C14B — H14A 


A ACAA 

0.9500 


pi cn TT1 C A 

C15B — HI 5 A 


A AO A A 

0.9800 


pi cn tti cn 

C15B — H15B 


A AOAA 

0.9800 


pi cn TT1 CP 

C15B — H15C 


A AOAA 

0.9800 


p i n o i "pi pin 

C 1 B — S 1 B — C7B 


OO 1 A /n\ 

88.19 (7) 


p -7 r> xTin P/^n 

C7B — NIB — CoB 


1 AA £ A /I 1\ 

109.69 (13) 


p -7 r> XTin XTTn 

C7B — NzB — N3B 


115.76 (12) 


p -7 0 XTin TTIXTn 

C7B — NzB — H1NB 


1 1 n 1 

117.1 


XTin XTin TTixTn 

N3B — NzB — H1NB 


1 11 O 

lzz.o 


p on xti n xti n 

C8B — N3B — N2B 


110 yl"7 /11\ 

118.47 (13) 


pin pin ppti 

C2B — C 1 B — C6B 


111 /"OZ11\ 

121.68 (13) 


/Tin i~ ' 1 ri cin 

C2B — C 1 B — S 1 B 


110 AC /11\ 

lz8.4o (lz) 


CoB — C 1 B — S 1 B 


1 AA OA / 1 1 \ 

109.84 (11) 


/ ■ 1 1 1 pon / ■ 1 t 1 

C3B — C2B — CIB 


116.47 (14) 


C3B — C2B — H2BA 


121.8 


CIB— C2B— H2BA 


121.8 


FIB— C3B— C2B 


117.68 (14) 


FIB— C3B— C4B 


118.38(13) 


C2B— C3B— C4B 


123.93 (14) 


C3B— C4B— C5B 


118.94(13) 
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p -> a P /I A TT/1 A A 

Li A — C4A — H4AA 


1 1A A 

120.4 


P r A p A A TT/I A A 

C5A — C4A — H4AA 


120.4 


c ' a a p c a P/^ A 

C4A — C5A — Co A 


1 1 a nn / 1 c\ 

119.00 (15) 


/-- • /I a rir a TTC A A 

C4A — C5A — H5AA 


1 OA C 

120.5 


p s a PC A TTC A A 

Co A — C5A — H5AA 


120.5 


XT1 A f^C A PC A 

N 1 A — C6A — C5A 


1 if AA / 1 /I \ 

125.09 (14) 


XT 1A z' 1 / A f ' 1 A 

JN1 A — Co A — CIA 


1 1 f i A / 1 o \ 

115.19 (13) 


PC A /"• /_ A pi A 

C5A — C6A — CIA 


119.71 (15) 


XT1 A f~~"~l A XT1 A 

JN 1 A — C /A — JNzA 


lz3.z / (14) 


XT1 A /~ , '7 A C 1 A 

N 1 A — C7A — S 1 A 


11*7 O/l / 1 *1\ 

117.84 (12) 


\ti a p *7 a c 1 a 

NzA — C7A — SI A 


i i n on / 1 1 \ 

118.87 (11) 


XT*) A O A A 

NJA — C8A — C9A 


11/1 £*) / i /i \ 

114.63 (14) 


XT'} A fQ A PICA 

JN J A — Co A — CI J A 


125.59 (14) 


PA A P o A PICA 

C9A — C8A — C15A 


119.75 (13) 


f • i r\ a / i a a P 1 /I A 

C 1 OA — C9A — C 1 4 A 


1 1 O ") ") / 1 y| \ 

118.33 (14) 


/"i 1 A A PA A /"'OA 

CI OA — C9A — Co A 


1*11 *1 A / 1 C\ 

121.20 (15) 


/"II /I A /■ i n A P O A 

C 1 4 A — C 9 A — C 8 A 


HA *) £L / 1 *) \ 

120.36 (13) 


PA a P 1 A A P 1 1 A 

C9A — C 1 OA — C 1 1 A 


1 i A c*> / 1 r\ 

120.53 (15) 


p r\ a /" < 1 A A T T 1 AT) 

C9A — CI OA — HI OB 


119.7 


p 1 1 A /~" 1 a A T T 1 ATI 

C11A — CI OA — H10B 


119.7 


p 1 o a nil p 1 a a 

C12A — C11A — CI OA 


120.59 (15) 


1 O A pi 1 1 TT11T> 

C12A — C11A — HUB 


1 1 A H 

119.7 


p i a 4 p 1 1 A T T 1 1 T) 

C10A — CllA — HUB 


119.7 


pi 1 » P 1 *) A /"< 1 *) A 

C 1 1 A — C 1 1 A — C 1 J A 


1 1 A 11 / 1 f \ 

119.33 (15) 


nil a rn a nnn 
CI 1A — ClzA — HlzB 


1 OA O 

120. 5 


s~--\ 1 ^> A /~1 1 ^ A ill 'i T~A 

C13A — C12A — H12B 


120.3 


/~1 1 A A f~\ 1 ~> A /~1 1 'A A 

C14A — C13A — C12A 


120.21 (16) 


Z" 1 1 yl A Z" 1 1 *) A TT1 ID 

C 14A — C 1 J A — H 1 3B 


1 1 A A 

119.9 


/"MIA Z" 1 1 *) A TT1 ID 

ClzA — CI J A — H13B 


1 1 A A 

119.9 


p 1 o A /" 1 a a A a 

C 1 3 A — C 1 4A — C9A 


1 *1A AA /1 C\ 

120.99 (15) 


p 1 O A / ^ 1 /I A T T 1 /I 

C13A — C14A — H14B 


119.5 


C9A — C 1 4 A — H 1 4B 


1 1 A C 

119.5 


C8A — C15A — H15D 


109.5 


C8A— C15A— H15E 


109.5 


H15D— C15A— H15E 


109.5 


C8A— C15A— H15F 


109.5 


H15D— C15A— H15F 


109.5 


H15E— C15A— H15F 


109.5 



non P /I T) TT/1T) A 

C3B — C4B — H4BA 


120.5 


C5B — C4B — H4BA 


120.5 


C4B — C5B — C6B 


11A AO /1 A\ 

119.48 (14) 


t—\ a "pi /-if n iTf n a 

C4B — C5B — H5BA 


1 A *> 

120.3 


f ' / r-> f ^ C T~l TTf n A 

C6B — C5B — H5BA 


120.3 


NIB — C6B — C5B 


1*)C A / ~t A\ 

125.34 (14) 


\ti n f / r"> rim 

N 1 B — C6B — C 1 B 


115.16 (12) 


C5B — C6B — C1B 


11A AA /1 A \ 

119.49 (14) 


XT1F1 f *HT~\ \Tif) 

NIB — C7B — NzB 


11*) /I *7 / 1 /I \ 

lzi.47 (14) 


N 1 B — C7B — S 1 B 


i i n i a /l 1\ 

117.10 (11) 


N2B — C7B — S 1 B 


1 1 A ai /11\ 

119.42 (11) 


XT*>l~i non riAn 

N3B — C8B — C9B 


115.75 (13) 


XT*)T"> POT) C ' 1 CTJ 

N3B — C8B — C15B 


1*>C *70 

125.78 (14) 


C9B — C8B — C15B 


110 /l*7/1*>\ 

1 18.47 (13) 


C 1 4B — C9B — C 1 0B 


1 1 8.65 (13) 


P1 A F"» PAl~i POT) 

C14B — C9B — C8B 


1*)A /"A /1*)\ 

120.69 (13) 


P 1 AT) PAT) POT) 

CI 0B — C9B — C8B 


1*)A r c /1 /i\ 

120.65 (14) 


P 1 1 T) P 1 AT) PAT) 

C 1 1 B — C 1 0B — C9B 


1 *1A AO /I f \ 

120.98 (15) 


CUB — C10B — H10A 


119.5 


y-1ATA 1 /\TA 111 /A A 

C9B — C 1 0B — H l OA 


119.5 


P1^)T) P11T) P 1 AT) 

C12B — CUB — C10B 


1 1 A AA /1 f\ 

119.90 (15) 


P1*)T) P11T) TT11A 

C12B — CUB — H11A 


1 *)A A 

120.0 


C10B — CUB — HllA 


120.0 


P 1 1 T) P 1 *)TJ P 1 ") T) 

CUB — C12B — C13B 


1 1 A O A i \\ C\ 

119.84 (15) 


pi in /-inn tii i i 

CUB — C12B — H12A 


1 OA 1 

120.1 


C 1 3B — C 1 2B — H 1 2 A 


120.1 


C14B — C13B — C12B 


120.24 (16) 


P 1 /I T) P 1 *) T) TT1 1 A 

C14B — C13B — HI 3 A 


119.9 


P1^)T) P1*>T) TT1 1 A 

C12B — C13B — H13A 


1 1 A A 

119.9 


C13B — C14B — C9B 


1 ^A /A ^7 /1 AA 

120.37 (14) 


C13B — C14B — H14A 


119.8 


PAT) P1 /IT) TT1 A A 

C9B — C 1 4B — H 1 4 A 


1 1 A O 

119.8 


C8B— C15B — H15A 


109.5 


C8B— C15B— H15B 


109.5 


H15A— C15B— H15B 


109.5 


C8B— C15B— H15C 


109.5 


H15A— C15B— H15C 


109.5 


H15B— C15B— H15C 


109.5 



C7A — N2A — N3A — C8A 177.41 (14) 

C7A— S1A— CIA— C2A -178.25 (16) 

C7A— S1A— CIA— C6A 0.09(12) 

C6A— CIA— C2A— C3A 0.6 (2) 

S1A— CIA— C2A— C3A 178.81 (13) 

CIA— C2A— C3A— F1A -179.81 (14) 

CIA— C2A— C3A— C4A 0.0(2) 

F1A— C3A— C4A— C5A 178.95 (14) 

C2A— C3A— C4A— C5A -0.9 (3) 

C3A— C4A— C5A— C6A 1.0(2) 



C7B— N2B— N3B— C8B 174.69(14) 

C7B— SIB— C1B— C2B -177.91 (15) 

C7B— SIB— C1B— C6B 0.62(11) 

C6B— C1B— C2B— C3B 0.4 (2) 

SIB— C1B— C2B— C3B 178.78 (12) 

C1B— C2B— C3B— FIB -179.57 (13) 

C1B— C2B— C3B— C4B 0.6 (2) 

FIB— C3B— C4B— C5B 179.14(14) 

C2B— C3B— C4B— C5B "1-0(2) 

C3B— C4B— C5B— C6B 0.4 (2) 
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C7A — N1A — C6A — C5A 178.88 (15) 

C7A — N1A — C6A — CIA 0.23 (19) 

C4A— C5A— C6A— N1A -178.99 (14) 

C4A — C5A — C6A — CIA -0.4 (2) 

C2A— CIA— C6A— N1A 178.25 (14) 

S1A— CIA— C6A— N1A -0.20(17) 

C2A— CIA— C6A— C5A -0.5 (2) 

S1A— CIA— C6A— C5A -178.93 (12) 

C6A— N1A— C7A— N2A 178.47 (14) 

C6A — N 1 A— C7A— S 1 A -0.16(17) 

N3A— N2A— C7A— N1A 173.87 (14) 

N3A — N2A — C7A — SI A -7.51(18) 

CIA— S1A— C7A— N1A 0.05(13) 

CIA— S1A— C7A— N2A -178.65 (13) 

N2A— N3A— C8A— C9A 175.07 (13) 

N2A — N3 A — C8 A — C 1 5 A -2.9(2) 

N3A — C8A — C9A — CI OA 176.81 (14) 

C 1 5 A — C8A — C9A — C 1 OA -5.1 (2) 

N3A— C8A— C9A— C14A -7.2 (2) 

C15A— C8A— C9A— C14A 170.95 (14) 

C14A— C9A— C10A— C11A -0.8(2) 

C8A— C9A— C10A— C11A 175.31(15) 

C9A— C10A— C11A— C12A -0.6(3) 

C10A— C11A— C12A— C13A 1.4(3) 

C11A— C12A— C13A— C14A -0.6(3) 

C12A— C13A— C14A— C9A -0.8 (3) 

C10A— C9A— C14A— C13A 1.5(2) 

C8A— C9A— C14A— C13A -174.61 (15) 



C7B— NIB— C6B— C5B 178.95 (14) 

C7B— NIB— C6B— C1B -0.19(18) 

C4B— C5B— C6B— NIB -178.61 (14) 

C4B— C5B— C6B— C1B 0.5 (2) 

C2B— C1B— C6B— NIB 178.26(13) 

SIB— C1B— C6B— NIB -0.39 (16) 

C2B— C1B— C6B— C5B -0.9(2) 

SIB— C1B— C6B— C5B -179.59 (11) 

C6B— NIB— C7B— N2B 179.28 (14) 

C6B— NIB— C7B— SIB 0.72 (16) 

N3B— N2B— C7B— NIB 179.62 (14) 

N3B— N2B— C7B— SIB -1.86(18) 

C1B— SIB— C7B— NIB -0.81 (13) 

C1B— SIB— C7B— N2B -179.43 (13) 

N2B— N3B— C8B— C9B -179.60 (13) 

N2B— N3B— C8B— C15B -0.8 (2) 

N3B— C8B— C9B— C14B -16.3 (2) 

C15B— C8B— C9B— C14B 164.85 (14) 

N3B— C8B— C9B— C10B 162.52 (14) 

C15B— C8B— C9B— C10B -16.3 (2) 

C14B— C9B— C10B— CUB 1.5 (2) 

C8B— C9B— C10B— CUB -177.34 (15) 

C9B— C10B— CUB— C12B -0.9(2) 

C10B— CUB— C12B— C13B 0.0(3) 

CUB— C12B— C13B— C14B 0.3(2) 

C12B— C13B— C14B— C9B 0.2 (2) 

C 1 OB— C9B— C 1 4B— C 1 3B -1.1 (2) 

C8B— C9B— C14B— C13B 177.69 (14) 



Hydrogen-bond geometry (A, °) 



D—n-A 


D—U 


U-A 


D-A 


D—n-A 


N2A — HINA—NIA' 


0.93 


1.99 


2.902 (2) 


165 


N25— HWB-mB" 


0.79 


2.14 


2.9184(18) 


168 


C55— H5A4-F15 1 " 


0.95 


2.51 


3.310(2) 


142 


CUB— H124-FL4 iv 


0.95 


2.52 


3.289 (2) 


138 


C12^— H12S-F1S V 


0.95 


2.43 


3.200 (2) 


138 


C15S— H15.4-N1S" 


0.98 


2.57 


3.503 (2) 


160 


Symmetry codes: (i) -x+2, y, 


-z+3/2; (ii) -x+ \,y, -z+3/2; (iii) x, -y+2, z-1/2; (iv) 


-x+2, y, -z+5/2; (v) - 


-x+ 1, -y+2, -z+2. 
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